Introduction
============

Severe bacterial infections can lead to the death of children. When infections progress to sepsis/severe sepsis, the mortality rate can reach ≤10--69% ([@b1-etm-0-0-4395]--[@b4-etm-0-0-4395]), and therefore severely threaten the health and survival of children, as has been shown in various studies. Early detection and diagnosis of severe bacterial infection as well as early effective anti-infection treatment can significantly increase the survival rate and decrease the mortality of pediatric patients, in which the key is to identify a simple but practical indicator for early diagnosis. Fifteen years ago, procalcitonin (PCT) was believed to be a highly sensitive and specific indicator for the diagnosis of sepsis ([@b5-etm-0-0-4395]). Interleukin (IL)-6, as an indicator of systemic inflammatory response syndrome (SIRS), is closely associated with the severity and mortality of SIRS ([@b6-etm-0-0-4395]). C-reactive protein (CRP) is believed to be the first acute phase reaction protein. The concentration of serum CRP can acutely increase in response to acute trauma or infection ([@b7-etm-0-0-4395]). Therefore, PCT, IL-6, and CRP play significant roles in the diagnosis of inflammatory diseases. In the present study, we analyzed the value of measuring the levels of PCT, IL-6, and CRP for clinical diagnosis in patients with severe bacterial infection.

Patients and methods
====================

### Patients

In the present study, we enrolled 126 pediatric patients admitted to Xuzhou Children\'s Hospital between April, 2014 and April, 2015. According to the introduction of the International Pediatric Sepsis Consensus Conference: Definitions for sepsis and organ dysfunction in pediatrics (2005) and Guidelines for Management of Sepsis in Pediatrics (2008), the patients were divided into severe bacterial infection (observation group, n=65) and non-bacterial infection group (control group, n=61), with age ranging from 2 months to 8 years. In the observation group, there were 37 males and 28 females, with average age of 1.3±0.6 years, and weight that ranged from 5.0 to 28.2 kg, with average weight of 9.2±1.7 kg. In the control group, there were 35 males and 26 females, with average age of 1.3±0.8 years, and weight that ranged from 4.5 to 29.3 kg, with average weight of 9.4±1.6 kg. There were no statistically significant differences in the gender ratios, age, or weight of patients in the two groups (P\>0.05). Therefore, the data between the groups were comparable. In the observation group there were 24 patients with severe pneumonia, five with pneumonia and toxic encephalopathy, four with pneumonia and sepsis, two with pneumonia and multiple organ dysfunction syndrome (MODS), one with pneumonia and congenital heart disease, seven with severe encephalitis, six with suppurative tonsillitis accompanied by ardent fever, six with sepsis, two with sepsis and suppurative meningitis, four with septic shock, two with infectious diarrhea and MODS, and two with urinary tract infection. No antibiotics were taken by patients in the observation group before they were admitted to the hospital. Among the 61 patients diagnosed without bacterial infections, there were 10 patients with viral pneumonia, nine with rotavirus diarrhea, eight with viral encephalitis, five with anaphylactic purpura, five with epilepsy, five with nephrotic syndrome, three with vitamin D-deficient rickets, three with herpetic stomatitis, three with exanthema subitum, three with hand-foot-mouth disease, three with gastrointestinal disorders, two with idiopathic thrombocytopenic purpura, one with viral myocarditis, and one with breast-feeding jaundice. This study was approved by the Ethics Committee of Xuzhou Children\'s Hospital. Signed written informed consents were obtained from all participants before the study.

### Methods

PCT and IL-6 were measured by electrochemi-luminescence immunoassay using a Roche Cobas E601 module immunology analyzer (Roche, New York, NY, USA) and the matched kits for analysis of PCT and IL-6. The levels of PCT and IL-6 were measured in venous blood collected from patients in both groups 24 h after admission. The criteria for positive results were set as follows: 0.5 ng/ml PCT was taken as the cut-off value of bacterial infection, i.e., levels of PCT \<0.5 ng/ml were considered negative, while levels of ≥0.5 ng/ml were considered positive; and a level \>2 ng/ml was the cut-off value of systemic infection. For IL-6, levels \>7 pg/ml were considered positive. The levels of PCT and IL-6 were re-assayed using blood samples collected on the 5th and 10th day after effective treatment with relevant antibiotics for patients with severe bacterial infection.

To measure CRP, we used a Siemens B-type Natriuretic Peptide assay \[Siemens AG (ADR), New York, NY, USA\] to perform immune-turbidimetry. CRP levels were assayed in venous blood collected from patients 24 h, 5 days, and 10 days after admission. The normal reference value ranged from 0 to 10 mg/l.

### Statistical analysis

SPSS 20.0 (IBM SPSS, Armonk, NY, USA) was used for data analysis. Data are presented as the mean ± standard deviation. Independent sample t-test and paired t-test were used for statistical analyses of intergroup comparisons and the comparisons of data before and after treatment, respectively. Chi-square test was used for analyses of rates, and Pearson correlation analysis was performed for comparisons between the two factors. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Analysis of the levels of IL, PCT, and CRP in patients of both groups before intervention

The analysis of IL-6, PCT, and CRP of patients in both groups revealed that the levels of IL-6, PCT, and CRP in the observation group were significantly higher than those of the control group (P\<0.05; [Table I](#tI-etm-0-0-4395){ref-type="table"}).

### Comparisons of the levels of IL-6, PCT, and CRP of patients in the observation before and after treatment

Among the 65 patients in the observation group, three patients voluntarily left the hospital for various reasons, two patients died, and four patients refused to accept blood collection for re-assay. On the 5th and 10th day during treatment, 60 patients had fully recovered and discharged from the hospital. The variations in the levels of IL-6, PCT, and CRP before and after treatment were fully recorded in 56 patients.

As treatment progressed, the levels of serum IL-6 on the 5th and 10th day after treatment reached 133.21±88.54 and 57.31±28.47 pg/ml, respectively, which were significantly lower than the 592.46±1,332.45 pg/ml before treatment (P\<0.01; [Fig. 1](#f1-etm-0-0-4395){ref-type="fig"}).

On the 5th and 10th day after treatment, the levels of serum PCT were 20.13±17.25 and 4.32±5.40 ng/ml, respectively, which were significantly lower than the 37.04±33.725 ng/ml before treatment (P\<0.01; [Fig. 2](#f2-etm-0-0-4395){ref-type="fig"}).

On the 5th day after treatment, the levels of serum CRP were 9.24±8.86 mg/l, significantly lower than the 53.13±55.17 mg/l before treatment (P\<0.01), but not significantly different from the levels on the 10th day after treatment ([Fig. 3](#f3-etm-0-0-4395){ref-type="fig"}).

### Correlation analysis of the serum indicators in both groups

Pearson correlation analysis indicated that the levels of IL-6 were positively correlated with the levels of PCT in the observation group (r=0.681, P\<0.01), but there was no correlation between the levels of IL-6 and PCT in the control group (r=0.017, P\>0.05; [Table II](#tII-etm-0-0-4395){ref-type="table"}).

### Evaluation of the diagnostic efficiency of IL-6, PCT, and CRP

PCT, IL-6, and CRP levels ≥2 ng/ml, 60 pg/ml, and 10 mg/l were set as the critical values, respectively. The sensitivity, specificity, accuracy, positive and negative predictive value of IL-6, PCT, and CRP in the clinical diagnosis of patients in the two groups are shown in [Table III](#tIII-etm-0-0-4395){ref-type="table"}. In the observation group, the sensitivity, specificity, accuracy, positive predictive value, and negative predictive value of PCT for diagnosis of pediatric severe bacterial infection were higher than those of IL-6 and CRP and the difference was statistically significant (P\<0.05). Furthermore, the sensitivity and specificity of the diagnosis of severe bacterial infection using PCT combined with IL-6 were 93.84 and 96.72%, respectively, which were significantly higher than those of diagnosis with only IL-6 (P\<0.01).

Discussion
==========

First identified by Weissenbach in 1980, IL-6 is a glycogen with molecular weight of 21 kDa encoded by the IL-6 gene. IL-6 can bind the membrane receptor complex composed of soluble IL-6R and gp130. Generally, IL-6 is secreted by various activated cells, including T cells, B cells, NK cells and hepatocytes, and has multiple immune regulatory functions. The primary biological functions of IL-6 include: i) IL-6 can participate in the acute phase reaction by stimulating hepatocytes and inducing the synthesis of acute phase reaction proteins; ii) IL-6 can exert an antitumor effect by directly or indirectly enhancing the activity of NK cells and activating signal transduction pathways which result in activation of the NF-IL-60 transcription factor ([@b8-etm-0-0-4395]); iii) IL-6 can exert an immune regulatory effect by promoting the proliferation and differentiation of B cells, as well as their secretion of antibodies. In addition, IL-6 plays various important roles in hematopoiesis, regulation of metabolism, and pathogenesis of autoimmune diseases. Additionally, IL-6, as a proinflammatory cytokine, is key to initiating antibacterial inflammation, owing to its ability to activate the waterfall-like cascade reaction of inflammatory mediators, which ultimately results in multiple organ dysfunction. It was previously shown that the levels of IL-6 increase during the early stage following infection, reach peak levels 3 h after, and then gradually decrease in the circulation ([@b9-etm-0-0-4395]). It was reported that the levels of serum IL-6 were increased 2 days before the onset of clinical symptoms, and may serve as a sensitive and reliable indicator for early diagnosis of bacterial infection. Previously, it has been shown that not only was the increase of serum PCT observed at 2 h after bacterial infection, it was observed at 48 h ([@b10-etm-0-0-4395]). Increases of PCT are followed by increases of IL-6 ([@b11-etm-0-0-4395]). Animal experiments and clinical tests have shown that IL-6 is expressed during the course of infectious diseases, and similar to TNF-α and IL-1β, is a major cytokine that results in the clinical symptoms of infectious diseases.

PCT, as an inactive calcitonin precursor encoded by a gene located on chromosome 11p15.4, is a glycoprotein composed of 116 amino acids with molecular weight of 13,000 Da and has a long half-life period (25--30 h). PCT is not influenced by hormones in the body and is stable inside and outside the body. In 1993, Assicot *et al* hypothesized that PCT represented a new indicator of inflammation ([@b12-etm-0-0-4395]). Owing to its stability, PCT could be measured in serum or plasma in the laboratory, from routinely collected blood. Currently, the double antibody sandwich immune chemiluminescence method and colorimetric method using colloidal gold are commonly used for measuring the levels of PCT. Because of the very low levels of serum PCT in healthy subjects, it is relatively undetectable ([@b13-etm-0-0-4395]). However, in patients with bacterial infections (such as from Gram-negative pathogens) or sepsis, the levels of serum PCT can rapidly increase during the early stage and persist for long periods. In patients with non-bacterial infections, only normal or slightly elevated levels of serum PCT are found, indicating that PCT can serve as an indicator that is specific to the inflammatory reactions caused by bacterial infections. The mechanism of action of PCT remains unclear. According to some studies, PCT may regulate inflammatory reactions by inhibiting the synthesis of inflammatory mediators ([@b14-etm-0-0-4395]). Animal experiments revealed that PCT can exert its effect by amplifying or aggravating the pathological course of sepsis, instead of directly participating in the initiation of sepsis ([@b15-etm-0-0-4395]). Various studies confirmed that increase in the levels of serum PCT are closely associated with bacterial infection ([@b16-etm-0-0-4395]--[@b18-etm-0-0-4395]). In particular, serum PCT levels can increase during the early stage of severe systemic infection, suggesting they are significant for monitoring the progression of disease, evaluating the efficacy of antibiotics, and for the judgement of prognosis. Brunkhorst *et al* ([@b19-etm-0-0-4395]) confirmed that the level of serum PCT is associated with the prognosis of infection severity in pediatric patients. Patients with neonatal sepsis with continuously stable or increased levels of serum PCT usually suffer from severe infection and have poor prognosis. However, the levels of serum PCT will decrease when the infection is controlled. In the present study, the results showed that the sensitivity and specificity of serum PCT for diagnosis were significantly higher than those of IL-6 and CRP (P\<0.01), suggesting that serum PCT has higher efficiency for the diagnosis of severe bacterial infection. This observation was consistent with the report by Hensel *et al* ([@b20-etm-0-0-4395]). Monitoring changes in the levels of PCT has great significance for the diagnosis of bacterial infectious diseases. It can be easily and feasibly applied for their early, accurate, and sensitive diagnosis ([@b21-etm-0-0-4395]).

CRP, as an important indicator of the treatment course of inflammatory diseases, can be used to judge the presence of infection and determine whether a disease is in the active stage ([@b22-etm-0-0-4395]). Although serum CRP is frequently used for the auxiliary diagnosis of systemic inflammatory reactions, it increases slowly (only 8--12 h after the inflammatory reaction), and the concentration of CRP is regulated by the immunity of the body. Serum CRP is not suitable for the evaluation of anti-infection efficacy or prognosis because the half-life period of CRP can be recovered within a certain period after the control of inflammation. In the present study, we found that CRP showed low specificity and sensitivity for the diagnosis of severe infectious diseases, i.e., 67.69 and 73.77, respectively, which were consistent with the report by Enguix *et al* ([@b23-etm-0-0-4395]). IL-6 shows poor specificity for diagnosis despite the increased levels during the early stage of inflammation. In the present study, we found that the levels of serum IL-6, CRP, and PCT in the observation group were significantly higher than those in the control group (P\<0.01), and there was a positive correlation between the levels of IL-6 and PCT, although the levels of IL-6, CRP, and PCT were significantly decreased after treatment (P\<0.01). The sensitivity and specificity of IL-6 combined with PCT for the diagnosis of severe bacterial infection were 93.84% and 96.72%, respectively, and were significantly higher than those for IL-6 alone (P\<0.01), suggesting that IL-6, CRP, and PCT were highly expressed in the peripheral blood of patients with severe bacterial infections. Such pathological changes may be involved in the occurrence and progression of severe pediatric bacterial infections. Therefore, IL-6, CRP, and PCT can serve as early-warning indexes for the severity of inflammation caused by bacterial infectious diseases and as references for the judgement of prognosis. We recommend combining IL-6 with PCT for clinical detection, which demonstrates improved value for the diagnosis of bacterial infectious diseases.
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###### 

Comparison of the levels of IL, PCT, and CRP of patients in both groups before treatment.

  Groups        No.   IL-6 (pg/ml)      PCT (ng/ml)   CRP (mg/l)
  ------------- ----- ----------------- ------------- -------------
  Observation   65    492.45±1,132.64   27.24±30.11   56.13±45.12
  Control       61    13.17±18.36       0.31±0.42     13.42±18.65
  T-value             −2.98             6.04          −4.36
  P-value             \<0.01            \<0.01        \<0.01

IL, interleukin; PCT, procalcitonin; CRP, C-reactive protein.

###### 

Correlation analysis of serum levels of PCT and IL-6 in both groups.

  Groups        No.   IL-6 (pg/ml)      PCT (ng/ml)   r       P-value
  ------------- ----- ----------------- ------------- ------- ---------
  Observation   65    492.45±1,132.64   27.24±30.11   0.681   \<0.01
  Control       61    13.17±18.36       0.31±0.42     0.017   \>0.05

IL, interleukin; PCT, procalcitonin.

###### 

Evaluation of the diagnostic efficiency of IL-6, PCT, and CRP (%).

  Critical values   Sensitivity                                                                                                Specificity                                                                                                Accuracy                                                                                                    Positive predictive value                                                                                  Negative predictive value
  ----------------- ---------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------
  PCT \>2 ng/ml     87.69 (57/65)                                                                                              91.80 (56/61)                                                                                              89.68 (113/126)                                                                                             91.94 (60/62)                                                                                              87.50 (56/64)
  IL-6 \>60 pg/ml   46.15^[a](#tfn4-etm-0-0-4395){ref-type="table-fn"},[b](#tfn5-etm-0-0-4395){ref-type="table-fn"}^ (30/65)   78.69^[a](#tfn4-etm-0-0-4395){ref-type="table-fn"},[b](#tfn5-etm-0-0-4395){ref-type="table-fn"}^ (48/61)   61.90^[a](#tfn4-etm-0-0-4395){ref-type="table-fn"},[b](#tfn5-etm-0-0-4395){ref-type="table-fn"}^ (78/126)   69.78^[a](#tfn4-etm-0-0-4395){ref-type="table-fn"},[b](#tfn5-etm-0-0-4395){ref-type="table-fn"}^ (30/43)   57.83^[a](#tfn4-etm-0-0-4395){ref-type="table-fn"},[b](#tfn5-etm-0-0-4395){ref-type="table-fn"}^ (48/83)
  CRP \>10 mg/l     67.69^[a](#tfn4-etm-0-0-4395){ref-type="table-fn"}^ (44/65)                                                73.77^[a](#tfn4-etm-0-0-4395){ref-type="table-fn"}^ (45/61)                                                70.63^[a](#tfn4-etm-0-0-4395){ref-type="table-fn"}^ (89/126)                                                73.33^[a](#tfn4-etm-0-0-4395){ref-type="table-fn"}^ (44/60)                                                68.19^[a](#tfn4-etm-0-0-4395){ref-type="table-fn"}^ (45/66)
  PCT+IL-6          93.84 (61/65)                                                                                              96.72 (59/61)                                                                                              95.23 (120/126)                                                                                             96.83 (61/63)                                                                                              93.65 (59/63)

Compared with PCT

P\<0.01; compared with PCT+IL-6

P\<0.05. IL, interleukin; PCT, procalcitonin; CRP, C-reactive protein.
